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ABSTRACT

A common stress on plants is NaCl-derived soil salinity. Genus Lotus comprises model
and economically important species, which have been studied regarding physiological
responses to salinity. Leaf area ratio (LAR), root length ratio (RLR) and their compo-
nents, specific leaf area (SLA) and leaf mass fraction (LMF) and specific root length
(SRL) and root mass fraction (RMF) might be affected by high soil salinity. We char-
acterised L. tenuis, L. corniculatus, L. filicaulis, L. creticus, L. burtii and L. japonicus
grown under different salt concentrations (0, 50, 100 and 150 mM NaCl) on the basis
of SLA, LMF, SRL and RMF using PCA. We also assessed effects of different salt con-
centrations on LAR and RLR in each species, and explored whether changes in these
traits provide fitness benefit. Salinity (150 mM NaCl) increased LAR in L. burtii and L.
corniculatus, but not in the remaining species. The highest salt concentration caused a
decrease of RLR in L. japonicus Gifu, but not in the remaining species. Changes in
LAR and RLR would not be adaptive, according to adaptiveness analysis, with the
exception of SLA changes in L. corniculatus. PCA revealed that under favourable con-
ditions plants optimise surfaces for light and nutrient acquisition (SLA and SRL),
whereas at higher salt concentrations they favour carbon allocation to leaves and roots
(LMF and RMF) in detriment to their surfaces. PCA also showed that L. creticus sub-
jected to saline treatment was distinguished from the remaining Lotus species. We
suggest that augmented carbon partitioning to leaves and roots could constitute a
salt-alleviating mechanism through toxic ion dilution.

INTRODUCTION

One of the most common stress sources for plants is NaCl-
derived soil salinity (Strogonov 1969). Excess NaCl in soil
causes hyper-osmotic stress and specific ion effects to most
plants (Blumwald 2000; Zhu 2001). In addition, salinity may
cause nutrient deficiencies or imbalances, due to the competi-
tion of Na+ and Cl– with nutrients such as K+ and Ca2+ (Hu &
Schmidhalter 2005). As a consequence, above- and below-
ground biomass allocation may be affected by salt accumula-
tion in plant tissues (Marschner 1995; Munns & Tester 2008).

The genus Lotus (Fabaceae) comprises several species that
have attracted the attention of researchers for their economic,
ecological and scientific relevance. Among them, two ecotypes
of the species L. japonicus [‘Gifu’, derived from a riverbank on
Gifu prefecture, Japan (Handberg & Stougaard 1992), and
‘Miyakojima MG-20’, derived from the southernmost island of
Japan, (Kawaguchi 2000; Kawaguchi et al. 2001) were chosen
as model species for legume research, whereas L. filicaulis (from
Algeria; Brand 1898) and L. burtii (originally from banks of the
Kabul River, Peshawar, West Pakistan; Sz.-Borsos et al. 1972)]
have been developed as crossing partners of L. japonicus for
genetic studies, since they produce hybrids (Somaroo & Grant

1971; O’Donoughue et al. 1990; Kawaguchi et al. 2005). In
addition, L. tenuis and L. corniculatus are worldwide acknowl-
edged for their forage value for cattle (Escaray et al. 2012). L.
creticus is also used as forage in areas of the Mediterranean
Basin, and for dune revegetation and reclamation of heavy
metal-contaminated or burned soils in Europe (Cabot & Pag�es
1997; S�anchez-Blanco et al. 1998; Escaray et al. 2012). L. tenuis
and L. creticus are recognised through their high adaptability to
diverse environmental constraints, in particular, soil salinity,
which has encouraged their use for identification of salt toler-
ance determinants (Sannazzaro et al. 2006, 2007; Rejili et al.
2007; Echeverria et al. 2008, 2013; Sanchez et al. 2011b; Escaray
et al. 2012; Paz et al. 2012). In addition, several studies on the
genomic, ionomic, metabolomic and antioxidant system
responses to salinity have been carried out on these important
crop and model Lotus species (Sanchez et al. 2008, 2010, 2011a;
Melchiorre et al. 2009). However, no study has been under-
taken so far in order to characterise them according to func-
tional morphological traits.
The leaf area ratio (LAR, total leaf area per unit plant bio-

mass), length of root per unit of plant mass (RLR; Ryser &
Lambers 1995) and their components are easily measured mor-
phological characteristics, which are regarded as functional
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traits by several authors, and are of ecophysiological relevance
for tolerance to saline environments in diverse plant species
(Ishikawa & Kachi 2000; Rubinigg et al. 2003; Praxedes et al.
2010; Wang et al. 2010; Lovelli et al. 2012; Minden et al. 2012;
Bompy et al. 2014; Xu et al. 2014). LAR represents the leafiness
or leaf expansion of a plant, whereas RLR describes plant
potential for soil resource acquisition (Marcelis et al. 1998;
Ryser 1998). Some reports on glycophytes and halophytes
showed that salinity can affect LAR and RLR (Curtis & Lauchli
1986; Shennan et al. 1987; He & Cramer 1993; Stevanato et al.
2013). In turn, LAR changes may result from alterations to its
components: specific leaf area (SLA, leaf area per leaf biomass;
Ishikawa & Kachi 2000; Rijkers et al. 2000; Evans & Poorter
2001) and leaf mass fraction (LMF, proportion of total plant
mass allocated to leaves; (Lamers et al. 2006; L€auchli & Grattan
2007; Poorter et al. 2012). Similarly, changes in RLR follow
fluctuations in its components: specific root length (SRL, total
root length per unit root mass;(Hill et al. 2006; Ostonen et al.
2007) and root mass fraction (RMF, proportion of total plant
mass allocated to roots; Poorter et al. 2012). Changes in LAR
and RLR as a response to variations in above- and below-
ground environment are mainly driven by morphological
adjustments (i.e. SLA and SRL) or carbon allocation adjust-
ment (LMF and RMF; Poorter et al. 2012; Freschet et al. 2015).
One factor that seems to exert an important influence on

plant ability to withstand stress is the species ability to change
trait values in response to environmental conditions, called
‘trait plasticity’ (Callaway et al. 2003). However, plasticity in
functional traits may be neutral or adaptive (if it provides fit-
ness benefit to the organism) or merely a response to resource
limitation or physical constraints (Weiner 2004; Van Kleunen
& Fischer 2005). One way to test for adaptive plasticity in a sce-
nario of a favourable versus limiting environment is to deter-
mine whether the attained phenotypic variant in the limiting
environment as a result of the plastic response shows a positive
association with plant fitness (Pigliucci et al. 1996; Gianoli &
Gonz�alez-Teuber 2005). The relationship between traits and
fitness can be used as an empirical test of adaptive hypotheses
(Dudley 1996).
This work was conducted in order to assess the effect of differ-

ent salt concentrations on LAR and RLR traits in each species,
and explore whether changes in LAR or RMF provide fitness
benefit to this group of plants, and therefore may be taken as
adaptive. Here we also characterise L. tenuis, L. corniculatus, L.
filicaulis, L. creticus, L. burtii and L. japonicus plants grown
under different salt concentrations (0, 50, 100 and 150 mM

NaCl) on the basis of their growth, SLA, LMF, SRL and RMF. As
the performances under salinity of all the above-mentioned
Lotus species have not previously been addressed in a same
study, we also compared their stress tolerance at three different
salinity ranges using an index of stress intensity (Fort et al.
2015).

MATERIAL AND METHODS

Plant material and culture conditions

The experiment consisted of a randomised complete block design
with two factors: (i) Lotus species/ecotype, with seven levels: L.
burtii, L. corniculatus, L. creticus, L. filicaulis, L. japonicus Gifu, L.
japonicusMG-20 and L. tenuis; and (ii) salinity, with four levels: 0,

50, 100 and 150 mM NaCl. Studied species were: L. tenuis var.
Pampa INTA (provided by Estaci�on Experimental Agropecuaria
Balcarce, INTA), L. japonicus ecotypes MG-20 and Gifu, L. burtii
and L. filicaulis (provided by Banco de Germoplasma de la
Estaci�on Experimental La Estanzuela INIA Instituto Nacional de
Investigaci�on Agropecuaria, Colonia, Uruguay) and L. cornicula-
tus and L. creticus (sampled on the coastal sand dunes at the
Devesa de la Albufera, Valencia, Spain). The L. corniculatus used
in this work is a tetraploid, which diverges from the original
description of this species as a diploid.

Seeds of Lotus species were treated with concentrated sulphuric
acid for 2 min., rinsed ten times with sterile distilled water and ger-
minated in Petri dishes containing agar/water (0.8%). Seedlings
were transferred to 250-ml pots containing vermiculite-perlite soil
mix (1:1, v/v) and cultivated in a growth chamber with a 16-h day/
8-h night photoperiod (photon flux density 200 lmol�m�2�s�1

provided by daylight and Grolux fluorescent lamps, F 40W), 24/
21 � 2 °C and 55/65 � 5% day/night temperature and relative
humidity, respectively. There was one plant per pot (replicate)
and 12 replicates per treatment. Plants were regularly irrigated
with half-strength Hoagland’s nutrient solution containing 3 mM

KNO3, 2 mM Ca(NO3)2.4H2O, 1 mM MgSO4.7H2O, 0.5 mM

NH4H2PO4, 0.5 lM NaFeO8EDTA.2H2O and 0.5 mM of each of
the following micronutrients MnCl2.4H2O, H3BO3,
CuSO4_5H2O, ZnSO4.7H2O and Na2MoO4.2H2O (Hoagland &
Arnon 1950). To avoid any osmotic shock from saline treatments,
8-day-old seedlings initially received 50 mM NaCl, and this con-
centration was increased weekly in 25 mM portions, so that the
final salt concentration (150 mM) was reached in 4 weeks. After
acclimation, plants were grown under their respective treatment
for another 20 days in a greenhouse, under same conditions, as
above.

Trait measurement

At harvest, six plants from each treatment were divided into
roots, leaves and stems, and dry weights determined by oven
drying at 60 °C until constant weight. Another set of six plants
per treatment was used for root length and leaf area determina-
tions. Plant biomass (total dry weight, TDW) was estimated as
the sum of all plant parts. At harvest, weighed roots and leaves
were carefully extended over 20-cm 9 20-cm glass plates and
scanned. Roots were previously stained with Trypan blue.
Images were analysed with the Image-ProPlus version 4.1 soft-
ware (Media Cybernetics, Bethesda, MD, USA).

The following leaf and root traits related to plant fitness were
calculated for each plant: LAR (total leaf area per TDW,
cm2�g�1), SLA (leaf area per unit leaf mass, cm2�g�1) and LMF
(total leaf mass per TDW, g�g�1), RLR (total root length per
TDW, m�g�1), SRL (total root length per root mass, m�g�1)
and RMF (root mass per TDW, g�g�1).

Trait analysis

To visualise trait plasticity, reaction norms were diagrammed
for each species and trait over the 0–150 mM NaCl salinity
range, and observed phenotypic variation tested for each trait
through one-way ANOVA for salinity effect, followed by Dun-
can0s test (P < 0.05).

In species where a significant salt effect was recorded, LAR
and RLR values were linearly regressed against fitness (Dudley
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1996) in order to explore the adaptiveness of phenotypic plas-
ticity in this Lotus species group. TDW was used as a surrogate
for fitness, since biomass and overall reproductive success are
often highly correlated (e.g. Murren et al. 2002; Murren &
Pigliucci 2005)) and it has already been explicitly used as an
index of fitness in several species (Moriuchi & Winn 2005;
Donovan et al. 2009; Valluru et al. 2012; Chen et al. 2013). The
occurrence of a change in association between traits and fitness
between two different environments is taken as strong support
for a trait0s adaptive value (Wade & Kalisz 1990; Dudley 1996;
Pigliucci & Schlichting 1996; Gianoli & Gonz�alez-Teuber 2005;
Nicotra et al. 2010). Data were pooled in two groups, one of
low and another of high salinity (0 and 50, and 100 and
150 mM NaCl, respectively). To avoid meaningless results, this
analysis was performed only in species where a significant effect
of salinity on these parameters was found. Comparison
between regression line slopes obtained for low and high salin-
ity environments was achieved using regressions with the
dummy variables method (Di Rienzo et al. 2010).

To characterise Lotus species under the different NaCl concen-
trations, a principal components analysis (PCA) was conducted
with functional variables SLA, LMF, SRL and RMF. Differences
due to salinity in each species/ecotype were analysed using one-
way ANOVA, followed by comparisons with Duncan0s test (signifi-
cance = P < 0.05). For these analysis, LAR, RLR, SLA, LMF, SRL
and RMF trait data were log2-transformed, following Freschet et al.
(2015). The effect of salinity on each species was estimated for
three ranges of salinity, 0–50, 0–100 and 0–150 mM NaCl, through
an abiotic index of stress intensity (variation 0–1; Fort et al. 2015),
based on aboveground biomass production according to:

Index of stress intensity ¼ SDW(c) ¼ SDW(s)=SDW(c)

where SDW(c) is mean shoot biomass of plants grown without
salt addition and SDW(s) is mean shoot biomass of plants
grown with 50, 100 or 150 mM NaCl (Fort et al. 2015).

RESULTS

Plasticity of LAR and RLR

Figure 1 shows norms of reaction for LAR and RLR as a func-
tion of salinity. Most of the species showed no significant
changes in LAR and RLR when exposed to the different NaCl
concentrations, compared with non-salinised controls, accord-
ing to one-way ANOVA followed by Duncan0s test. LAR increased
with 150 mM NaCl in L. burtii and L. corniculatus, whereas this
parameter showed no significant salt-induced variations in the
remaining Lotus species. In contrast, salinity lowered RLR in L.
japonicus Gifu, compared with non-salinised controls.

Adaptiveness analysis of LAR and RLR plasticity

As there were not significant differences in LAR and RLR
between 0 and 50, and between 100 and 150 mM NaCl, data
from these treatments were pooled and renamed ‘low’ and
‘high’ salinity treatments. Regression analyses indicated that
total dry biomass of L. corniculatus presented a negative linear
relationship with LAR, regardless of salinity level (Fig. 2; low
salinity; P = 0.0002, high salinity: P = 0.05). However, the slope
of the regression line was significantly less steep at the high
than at the low salinity level. The line regressions performed on
TDW versus LAR or RLR for the remaining Lotus species either
showed no adjustment to the linear model or there were not
differences between slopes corresponding to the low and high
saline environments (results not shown).

Characterisation of Lotus species/ecotypes according to LAR
and RLR components at different salinity levels

Principal components analysis (Fig. 3), computed from Log2
of values depicted in Table 1, resulted in two axes explaining
85% of the total variance. The high co-phenetic correlation
coefficient (0.981) indicated good natural grouping. Variables

Fig. 1. Norms of reaction for LAR and RLR as a function

of the amount of NaCl (0–150 mM) added to the nutri-

ent solution. Dashed versus filled lines mean, respec-

tively, that no significant or significant effects of salinity

were detected on LAR or RLR, according with Duncan0s
test (P < 0.05).

Plant Biology 18 (2016) 703–709 © 2016 German Botanical Society and The Royal Botanical Society of the Netherlands 705

Uchiya, Escaray, Bilenca, Pieckenstain, Ruiz & Men�endez Functional trait responses in Lotus spp.



correlating most with PC1, which explained 60% of the vari-
ability, were LMF (0.87), RMF (0.85) and SLA (-0.8), whereas
main correlation with PC2 (explaning 25% of variability) was
provided by SRL (0.8). Plants grown in the absence of NaCl
were associated with higher SLA and lower LMF and RMF. As
salinity level increased, plants reduced their SLA, while increas-
ing their LMF. This last result was more obvious in L. burtii, L.
filicaulis and L. japonicus Gifu, particularly at 150 mM salt. At
50 mM NaCl, L. tenuis and L. japonicus MG-20 differed from
the remaining species/ecotypes cultivated at that salinity level
by their higher SRL. In contrast, salinised L. creticus were sepa-
rated in a group more related to higher RMF (and also LMF).

Index of stress intensity

Increasing salt concentration led to higher levels of stress inten-
sity, being minimum and maximum at the 0–50 and 0–150 mM

NaCl ranges, respectively (Fig. 4). L. burtii and L. creticus pre-
sented the highest stress intensity values, whereas L. tenuis and
L. corniculatus showed the lowest. Interestingly, in the 0–
50 mM NaCl range L. tenuis shoot growth was promoted by
salinity.

DISCUSSION

The aim of this work was to assess the effect of different salt
concentrations on LAR and RLR and their components in sev-
eral model and economically important Lotus species. The
observed salt-induced LAR increases in L. burtii and L. cornicu-
latus (Fig. 1) indicate that leaf expansion was less affected than

total plant biomass in these species. The last results are in line
with Nguyen et al. (2015), who found a significant rise in LAR
with increased salinity, but disagree with results previously
obtained in two Brassica species (He & Cramer 1993), kenaf
(Hibiscus cannabinus (Curtis & Lauchli 1986)) and Aster tripo-
lium (Shennan et al. 1987), where reductions in LAR were
reported. In turn, the adaptiveness analysis of LAR plasticity
showing a significantly less steep slope of the regression line at
the high than at the low salinity level in L. corniculatus, suggest-
ing that at high salt concentration, increased LAR could have
adaptive value in this species.

On other hand, the RLR reduction in L. japonicus Gifu
revealed a reduction in its capacity for soil nutrient uptake.
This contrasts with findings in salinised sugar beet (Stevanato
et al. 2013). The remaining Lotus species analysed did not sig-
nificantly change LAR and RLR with increased salinity. Taken
together, variations in the effect of salinity on LAR and RLR
among Lotus species here studied, and among these and species
of genera studied by other authors suggests a species specificity
of LAR and RLR responses to salinity. However, the PCA sug-
gested that plants optimise surfaces for light and nutrient
acquisition (SLA and SRL) under favourable conditions (0 and
50 mM NaCl), whereas at higher salt concentrations (100 and
150 mM) they favour carbon allocation to leaves and roots
(LMF and RMF) in detriment of their surfaces. The PCA also
showed that L. creticus subjected to saline treatment were dis-
criminated from the remaining Lotus species, suggesting that
two species groups evolved different strategies to respond to a
saline environment. This is supported by the fact that L. creti-
cus belongs to a phylogenetically distant clade (Pedrosia) with
respect to the remaining studied species (Lotus corniculatus;
Degtjareva et al. 2008).

The inherent osmotic component of salinity, which may
cause water deficit, could explain the inverse association of
SLA values with higher NaCl concentrations, since low SLA has
been reported as a general tendency for species inhabiting arid
and semi-arid regions (Niinemets 2001; Wright et al. 2001).
On the other hand, SLA was shown to negatively correlate with
construction cost, whereas leaves with high SLA generally have
high protein and low concentrations of other expensive com-
pounds, such as lipids or lignin, and high concentrations of
‘cheap’ constituents, such as minerals (Villar & Merino 2001).
This information could be relevant in the case of Lotus species
used as forage for cattle production, such as L. corniculatus and
L. tenuis. However, no study has been undertaken so far in
order to test whether shoot proteins, lipids and other nutrient

Fig. 2. Test of adaptive plasticity for L. corniculatus grown at low versus

high salinity conditions.

Fig. 3. Principal components analysis of specific vari-

ables leaf area (SLA), specific root length (SRL), leaf mass

fraction (LMF) and root mass fraction (RMF), in L. burtii

(Lb), L. corniculatus (LC V), L. creticus (Lc), L. filicaulis

(Lf), L. japonicus Gifu (Lj G), L. japonicusMG-20 (Lj M)

and L. tenuis (Lt) grown at four different salt conditions

(0, 50, 100 and 150 mM NaCl).
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composition and content change when plants are grown under
salinity.

The salt-induced rise in LMF is in accordance with slight
increases in this parameter observed as result of saline treat-
ment in moderately salt-tolerant species, e.g. lemon (Citrus
limon; Zapata et al. 2003) and Mexican fan palm (Washingtonia
robusta H.; Nieves et al. 2011)). There are few records regard-
ing the influence of salinity on RMF. For example, higher root
biomass allocation induced by salinity was reported in the
hybrid species Helianthus paradoxus (Karrenberg & Widmer
2008). This result is congruent with the significant salt-induced

RMF increase here observed in L. burtii, L. corniculatus and L.
filicaulis, along with similar trends in L. creticus and L. japoni-
cus Gifu. Possibly, these augmented carbon partitioning to
leaves and roots (at the expense of stem mass fraction; results
not shown) could constitute a salt-alleviating mechanism
through toxic ion dilution, as shown for orange (Citrus sinen-
sis; Zapata et al. 2004) and Mexican fan palm (Nieves et al.
2011).
Finally, the negative index of stress intensity at 50 mM NaCl

for L. tenuis suggests that although considered a glycophyte
(Sanchez et al. 2011a,b), this species displays facultative

Table 1. Leaf area, dry weight of leaf, stem, root and total, and root length of each species at 0–150 mM salinity levels.

Species NaCl Leaf area (cm2) Leaf dry weight (mg) Stem dry weight (g) Root dry weight (g) Total dry weight (g) Root length (m)

Lotus burtii 0 1.64 � 0.21 a 4.4 � 0.6 a 1.78 � 0.41 b 0.17 � 0.02 a 1.96 � 0.41 c 4.64 � 0.21 a

50 1.06 � 0.11 ab 4.3 � 0.6 a 0.84 � 0.20 a 0.30 � 0.13 a 1.14 � 0.25 b 5.23 � 2.40 a

100 0.97 � 0.15 a 4.8 � 0.7 a 0.44 � 0.05 a 0.09 � 0.01 a 0.54 � 0.05 a 3.08 � 0.28 a

150 0.95 � 0.13 a 3.9 � 0.8 a 0.29 � 0.02 a 0.08 � 0.01 a 0.38 � 0.02 a 2.07 � 0.50 a

Lotus creticus 0 1.20 � 0.24 c 2.4 � 0.4 a 0.52 � 0.12 b 0.11 � 0.01 a 0.64 � 0.13 b 2.71 � 0.65 b

50 0.81 � 0.13 bc 2.9 � 0.7 a 0.33 � 0.07 ab 0.15 � 0.03 a 0.48 � 0.08 ab 1.51 � 0.59 ab

100 0.58 � 0.02 ab 3.2 � 0.2 a 0.37 � 0.13 ab 0.19 � 0.09 a 0.57 � 0.12 b 0.78 � 0.13 a

150 0.47 � 0.06 a 3.0 � 0.3 a 0.17 � 0.02 a 0.08 � 0.01 a 0.25 � 0.02 a 1.15 � 0.30 ab

Lotus corniculatus 0 1.74 � 0.17 b 5.0 � 0.5 a 4.61 � 1.56 b 0.21 � 0.03 ab 4.83 � 1.57 b 6.17 � 1.03 b

50 1.16 � 0.18 a 4.7 � 1.2 a 2.06 � 0.47 a 0.32 � 0.07 b 2.39 � 0.51 ab 3.68 � 0.77 ab

100 0.79 � 0.13 a 4.0 � 0.5 a 0.77 � 0.07 a 0.14 � 0.01 a 0.91 � 0.07 a 5.03 � 0.49 ab

150 0.98 � 0.11 a 5.1 � 0.8 a 0.52 � 0.03 a 0.11 � 0.02 a 0.63 � 0.03 a 2.55 � 0.57 a

Lotus filicaulis 0 1.94 � 0.17 b 4.6 � 0.5 a 2.49 � 0.81 b 0.37 � 0.10 b 2.87 � 0.92 b 4.07 � 0.14 a

50 1.74 � 0.18 b 5.2 � 0.3 a 1.32 � 0.29 ab 0.32 � 0.03 b 1.64 � 0.31 ab 5.64 � 0.00 a

100 1.12 � 0.11 a 5.0 � 0.5 a 0.85 � 0.17 a 0.22 � 0.03 ab 1.08 � 0.20 a 5.93 � 0.99 a

150 1.22 � 0.14 a 5.7 � 0.8 a 0.45 � 0.06 a 0.14 � 0.02 a 0.59 � 0.07 a 4.14 � 1.72 a

Lotus japonicus Gifu 0 2.41 � 0.22 b 6.7 � 0.9 a 1.55 � 0.37 b 0.27 � 0.05 a 1.83 � 0.41 b 6.55 � 0.34 b

50 1.75 � 0.27 a 5.8 � 1.1 a 0.97 � 0.24 ab 0.23 � 0.06 a 1.21 � 0.29 ab 4.45 � 2.19 ab

100 1.32 � 0.09 a 7.4 � 0.5 a 0.51 � 0.04 a 0.14 � 0.01 a 0.66 � 0.04 a 3.34 � 0.13 a

150 1.37 � 0.04 a 6.9 � 0.5 a 0.39 � 0.03 a 0.14 � 0.04 a 0.54 � 0.07 a 2.48 � 0.45 a

Lotus japonicus MG-20 0 4.10 � 0.73 b 10.1 � 0.6 a 2.39 � 0.53 b 0.27 � 0.03 c 2.67 � 0.53 c 7.74 � 0.00 a

50 2.16 � 0.35 a 8.5 � 0.4 a 1.60 � 0.27 ab 0.17 � 0.01 b 1.78 � 0.27 b 9.43 � 3.81 a

100 2.14 � 0.23 a 10.1 � 1.3 a 0.88 � 0.08 a 0.11 � 0.01 a 1.00 � 0.08 ab 5.21 � 0.90 a

150 1.84 � 0.11 a 8.2 � 0.5 a 0.73 � 0.07 a 0.09 � 0.01 a 0.83 � 0.07 a 3.69 � 1.11 a

Lotus tenuis 0 1.61 � 0.25 a 4.5 � 0.8 a 1.77 � 0.72 ab 0.23 � 0.05 ab 2.01 � 0.76 b 5.16 � 1.33 ab

50 1.74 � 0.26 a 6.1 � 0.4 ab 3.00 � 0.78 b 0.33 � 0.05 b 3.34 � 0.83 ab 10.8 � 3.45 b

100 1.36 � 0.16 a 6.6 � 0.7 b 1.23 � 0.15 a 0.19 � 0.03 a 1.42 � 0.18 a 5.29 � 0.73 ab

150 1.42 � 0.14 a 6.5 � 0.6 b 0.87 � 0.09 a 0.14 � 0.02 a 1.02 � 0.10 a 4.49 � 0.59 a

Averages with the same letter, within each species are not significantly different (P < 0.05).

Fig. 4. Index of stress intensity for studied Lotus species

calculated at 50, 100 and 150 mM NaCl, with respect to

control conditions (0 mM). L. burtii (Lb), L. corniculatus

(LC V), L. creticus (Lc), L. filicaulis (Lf), L. japonicus Gifu

(Lj G), L. japonicus MG-20 (Lj M), L. tenuis (Lt).
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halophytic behaviour, as shown by Mele�ckov�a et al. (2014).
Among the remaining species, L. corniculatus presented the
lowest index of stress intensity. Interestingly, L. tenuis x L. cor-
niculatus hybrids were obtained from the same populations
used in the present work (Escaray et al. 2014); these hybrids
were more vigorous than parental plants. Moreover, L. cornicu-
latus and hybrid plants showed higher tolerance to 45 days of
150 mM NaCl and significantly lower chloride content in older
leaves than L. tenuis. Based on this information and our result
suggesting that in L. corniculatus the salt-induced LAR increase
might have an adaptive value, it could be hypothesised that
LAR also increases in L. tenuis x L. coruniculatus hybrid grown

at high salt concentrations, having adaptive value through the
dilution of toxic ions. To address this hypothesis in future
studies would help in gaining a deeper understanding of the
basic mechanisms for salt tolerance in hybrid lines.
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